Triptolide exhibits immunosuppressive, antiinflammatory, antifertility and antineoplastic functions. However, the anticancer effect of triptolide on cervical cancer and the underlying mechanism remains to be fully understood. The present study assessed the mechanisms underlying the effect of triptolide on the viability and apoptosis of human cervical cancer cells. SiHa cells were treated with 12.5-100.0 nM triptolide for 12, 24 or 48 h. The present study demonstrated that triptolide inhibited viability and induced apoptosis in SiHa cells time-and dose-dependently. Furthermore, treatment with triptolide promoted autophagy and activated microtubule associated protein 1 light chain 3 α expression in SiHa cells. Triptolide treatment suppressed the expression of phosphorylated (p)-protein kinase B (Akt), p-mechanistic target of rapamycin (mTOR), and p-p70S6K, activated the expression of p-p38, mitogen-activated protein kinase (MAPK) and p53 and inhibited the expression of p-forkhead box O3 (Foxo3a) in SiHa cells. These results suggested that triptolide induces protective autophagy, suppresses cell viability and promotes apoptosis in human cervical cancer cells by inducing the autophagy-targeting phosphoinositide 3-kinase/Akt/mTOR, p38, MAPK, p53 and Foxo3a pathways.
Introduction
Cervical cancer is one of the most common malignant tumors among women globally, exhibiting high morbidity and mortality and most frequently occurring as cervical squamous cell carcinoma (1) . The etiology of cervical cancer remains to be fully understood but may be associated with certain factors, including engaging in sexual intercourse with multiple partners or before the age of 16, giving birth at a young age, multiple pregnancies, smoking, poor nutrition and health and infection with persistent high-risk human papilloma virus (2) . Cervical cancer diagnosed at an early stage may be treated effectively and detecting and treating cervical cancer at an earlier stage is associated with an improved prognosis (3) . Therefore, identifying the cells and molecular mechanisms facilitating the development of cervical cancer is a major focus for researchers globally (3) .
Autophagy refers to the process of 'self-digestion' that occurs in eukaryotic cells and is characterized by the formation of an autophagosome, which possesses a double-layer membrane and wraps organelle and macromolecular proteins in the cytoplasm (4) . An autophagic vacuole and a lysosome fuse to form an autophagosome, which subsequently degrades the contents inside it, thereby supplying energy and resources to support the cell metabolism and the renewal of organelles (5) . Autophagy is a nonapoptotic form of eukaryotic cell death and is also known as Type-II programmed cell death (6) . Autophagy is associated with numerous biological processes, including the development and growth of cells, and is a crucial biological phenomenon (7) .
Apoptosis and autophagy are two causes of cell death associated with different cell morphologies (8) . Apoptosis is the predominant mechanism underlying cell death, and is morphologically characterized by membrane bubbles, cell shrinkage, nuclear fragmentation, chromatin condensation, the breaking of chromosomal DNA and the formation of apoptotic bodies. Autophagic cells may be sent to the mechanistic target of rapamycin (mTOR) pathway (9) . The activated mTOR kinase in mTOR complex 1 may phosphorylate, and inhibit the activity of, unc-51 like autophagy activating kinase 1 (10) . mTOR complex l negatively regulates cell autophagy. Microtubule associated protein 1 light chain 3 α (MAP1LC3A) and the mammalian homologous yeast protein autophagy-related protein 8 (Atg8) serve important functions in the transfer and maturity of autophagic vacuoles (10) .
Protein kinase B (Akt) serves a key function in controlling the survival and apoptosis of cells, and may be activated by insulin and numerous growth factors (11) . Akt functions in wortmannin-sensitive pathways with phosphoinositide 3-kinase (PI3K). Activated Akt serves numerous functions, including supporting the combination of phosphate esters, the phosphorylation and activation of Thr308 by pyruvate dehydrogenase kinase 1 and the phosphorylation of the C-terminal of Ser473 (8) . The phosphorylation of Akt may deactivate multiple target genes, including BCL2 associated agonist of cell death, c-Raf and caspase 9, and thereby suppress apoptosis (12) . Furthermore, Akt may promote the phosphorylation of mTOR, serving a key function in cell growth. Importantly, the phosphorylation of Akt may deactivate tuberin, which inhibits the activity of regulatory associated protein of MTOR complex 1 (13) .
Triptolide (Fig. 1 ) is a type of diterpene lactone epoxide compound isolated from Tripterygium wilfordii (14) . Triptolide exhibits numerous pharmacological effects, including immunosuppression, antineoplastic activity and conferring resistance to certain types of infection (15) . Triptolide is used in the treatment of arthritis, autoimmune disorders, certain types of cancer, kidney disease and asthma and to suppress immune rejection following organ transplantation (16, 17) . The present study further examined whether triptolide, a naturally occurring compound, exhibited antineoplastic activity and assessed the mechanism underlying the effect of triptolide on the growth and apoptosis of human cervical cancer cells.
Materials and methods
Cell culture. The human cervical cancer cell line SiHa was purchased from the Shanghai Cell Bank of the Chinese Academy of Sciences (Shanghai, China) and cultured in Dulbecco's modified Eagle's medium (DMEM; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) with 10% fetal bovine serum (Hyclone; GE Healthcare Life Sciences) at 37˚C under 5% CO 2 conditions with saturated humidity.
Cell viability assay. SiHa cells were treated with 0-100 nM triptolide (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 12, 24 or 48 h. Cell viability was assessed using an MTT dye reduction assay. SiHa cells were seeded (1x10 4 cells/ml) onto 96-well plates and incubated overnight at 37˚C. Subsequently, 40 µl MTT was added onto the cells and the plates were incubated for 4 h at 37˚C. DMEM was then removed and dimethyl sulfoxide was added onto the cells and the plates were incubated for 20 min at 37˚C. Optical density was measured using an ELISA reader (Apollo LB 9110; Berthold Technologies GmbH & Co. KG, Bad Wildbad, Germany) at 490 nm. This experiment was repeated three times.
Immunofluorescence of autophagy staining. SiHa cells were incubated with triptolide (0, 12.5, 25 and 50 nM) for 48 h at 37˚C and washed with PBS, fixed with 75% ethanol on ice for 30 min. SiHa cells perforated with 0.25% Tris-100 in PBS for 15 min and blocked with 5% bovine serum albumin in PBS for 1 h at 37˚C. SiHa cells were stained with MAP1LC3A antibodies (cat no. 3868; 1:500; Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C overnight and then incubated with Alexa Fluor ® 488 conjugate-anti-rabbit immunoglobulin G (H+L) (cat no. 4412; 1:1,000; Cell Signaling Technology, Inc.) and observed using a LSM 780 NLO confocal microscope (magnification, x40; Zeiss GmbH, Jena, Germany).
Flow cytometry. SiHa cells (2.5x10 5 cells/ml) were seeded onto 6-well plates with DMEM and incubated with triptolide (0, 12.5, 25 and 50 nM) for 48 h at 37˚C. Fluorescein isothiocyanate-Annexin V (BD Biosciences, Franklin Lakes, NJ, USA) was used to stain SiHa cells for 30 min according to the manufacturer's protocol. Propidium iodide (BD Biosciences) was also used to stain SiHa cells for 30 min according to the manufacturer's protocol. Flow cytometry (BD Biosciences) was used to analyze apoptosis and analyzed by CellQuest software version 3.1 (BD Biosciences, San Jose, CA, USA). This experiment was repeated 3 times.
Western blot analysis. SiHa cells (2.5x10 5 cells/ml, n=3) were seeded onto 6-well plates and incubated with triptolide (0, 12.5, 25 and 50 nM) for 48 h at 37˚C. The cells were subsequently washed with PBS and resuspended in radioimmunoprecipitation lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) for 30 min on ice. Protein content was quantified using a Bradford protein assay (Beyotime Institute of Biotechnology Statistical analysis. Data were presented as mean ± standard error of the mean. Statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA). Significant differences between the groups were determined using one-way ANOVA by Bonferroni post-hoc analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Triptolide inhibits viability in human cervical cancer cells.
The present study assessed the effect of triptolide on the viability of human cervical cancer cells using an MTT assay. Treatment with triptolide significantly inhibited the viability of SiHa cells dose-and time-dependently (Fig. 2) . The viability of SiHa cells was significantly inhibited by treatment with 100 nM triptolide for 12, 24 and 48 h compared with the control cells (Fig. 2) . The viability of SiHa cells was significantly inhibited by 50 nM triptolide at 24 and 48 h compared with the control cells (Fig. 2) . The viability of SiHa cells was significantly inhibited by 25 nM triptolide at 48 h compared with the control cells (Fig. 2) .
Triptolide induces apoptosis in human cervical cancer cells.
To assess the effect of triptolide on the apoptosis of human cervical cancer cells, the apoptotic rate was measured using flow cytometry. Treatment with 25 or 50 nM triptolide significantly increased the apoptotic rate of SiHa cells dose-dependently, compared with the control cells ( Fig. 3) .
Triptolide induces protective autophagy in human cervical cancer cells. The present study examined the anticancer effect of triptolide on autophagy in human cervical cancer cells by staining and observing SiHa cells. Treatment with 25 or 50 nM triptolide induced autophagy in SiHa cells (Fig. 4) .
Triptolide regulates MAP1LC3A protein expression in human cervical cancer cells.
Western blot analysis demonstrated that triptolide regulated MAP1LC3A protein expression in SiHa cells. However, treatment with 25 or 50 nM triptolide significantly increased MAP1LC3A protein expression in SiHa cells (Fig. 5) .
Triptolide regulates p-Akt, p-mTOR and p-p70S6K protein expression in human cervical cancer cells.
To determine whether Akt serves a function in the anticancer effect of triptolide on cervical cancer cells, western blot analysis was used to measure the protein expression of p-Akt, p-mTOR and p-p70S6K in SiHa cells. Treatment with 25 or 50 nM triptolide significantly suppressed the expression of p-Akt, p-mTOR and p-p70S6Kprotein in SiHa cells (Fig. 6) .
Triptolide regulates p-p38, p53 and p-Foxo3a protein expression in human cervical cancer cells. Expression of p-Akt, p-mTOR and p-p70S6K protein in triptolide-treated
SiHa cells was detected using western blotting. Treatment with 25 or 50 nM triptolide significantly increased p-Akt, p-mTOR and p-p70S6K protein expression in SiHa cells (Fig. 7) .
Discussion
Cervical cancer is one of the most common gynecological malignant tumors globally, increasing by 500,000 cases since 2011 and responsible for 280,000 mortalities in 2012 (18) . In China, 100,000 cases of cervical cancer-associated mortality are estimated annually, accounting for ~1/3 of the global total (19) . Due to the improvement in screening for cervical cancer in medical and healthcare institutions in China, the rates of cervical cancer-associated morbidity and mortality are decreasing (20) . However, young patients diagnosed with cervical cancer suffer from a relatively high mortality rate (21) . The present study revealed that triptolide significantly inhibited viability and induced apoptosis in SiHa cells.
Autophagy may remove damaged organelles and proteins in cells and regulate cell growth to maintain the stability of cells and certain genes (22) . However, when the expression of certain autophagy-associated proteins is altered, autophagy may be inhibited, resulting in the instability of certain genes and potentially promotion of tumor growth; at this point, active autophagy may inhibit tumor growth (23) . However, tumor cells possess an increased proliferation and metabolic rate. Where tumors are not provided with sufficient blood, oxygen or nutrition, autophagy may be activated to produce recycled adenosine triphosphate, which is conducive to tumor survival (23) . The results of the present study suggested that triptolide induced autophagy in SiHa cells.
Located in the anterior of autophagic vacuoles and on the surface of autophagic vacuolar membranes, MAP1LC3A is a mammalian homologue of yeast Atg8 and a common marker of the autophagic vacuolar membrane. Newly synthetized MAP1LC3A may form soluble MAP1LC3A-I following processing (24) . MAP1LC3A-I may be modified by ubiquitin-like modifiers to combine with phosphatidyl ethanolamine on the surface of autophagic vacuolar membrane to form MAP1LC3A-II. Since the amount of MAP1LC3A-II is directly proportional to the number of autophagic vacuoles, the change in MAP1LC3A-II content may partly reflect the change in autophagic activity of cells (25) . The present study demonstrated that triptolide increased MAP1LC3A protein expression in SiHa cells. Mujumdar et al (26) reported that triptolide induced death in pancreatic cancer cells via autophagic pathways. Further studies are required to examine the mechanisms underlying triptolide-induced autophagy and to provide novel insight to improve the treatment of cervical cancer.
The PI3K/Akt/mTOR pathway may serve a key function in the autophagic pathway and in the pathogenesis and clinical phenotype manifestation of cervical cancer. The PI3K/Akt/mTOR pathway may regulate the growth and proliferation of cells, but its function in patients with cervical cancer may be inhibited due to mutations, amplification or the absence of methylation or abnormal translation of genes following reformation (13) . The activation of the PI3K/Akt/mTOR pathway in patients with cervical cancer may result in lesions of increased malignancy, which are more difficult to diagnose and treat (25) . Numerous selective inhibitors of PI3K/Akt/mTOR pathway regulators are being developed, but their functions are limited due to a high rate of intrinsic or acquired drug resistance (27) . Tumor cells may induce autophagy by inhibiting the activation of Akt to induce Foxo3a to translocate to the nucleus and increase autophagy-associated MAP1LC3A expression (27) . In the present study, triptolide suppressed p-Akt, p-mTOR and p-p70S6K expression in SiHa cells. Zhao et al (28) reported that triptolide induces protective autophagy by suppressing mTOR expression in human prostate cancer cells. Therefore, the results of the present study suggest that triptolide induced the PI3K/Akt/mTOR/p70S6K-associated pathway to induce autophagy, which exploit in order to treat cervical cancer.
The autophagy of mammals comprises six main steps: Activation, nucleation, prolonging, closing, maturity and degeneration or dying (29) . The mTOR pathway is one autophagy-associated pathway but numerous other signaling pathways and translations may regulate the autophagy of cells (30) . Depending on its subcellular location, p53 may activate or inhibit autophagy (31) . Autophagy may also be regulated by certain proteins, including AMP-activated proteases, Akt, p38, mitogen-activated protein kinase/extracellular signal-regulating enzymes and protease C (32) . The results of the present study indicated that triptolide increased p-p38 and p53 protein expression and suppressed Foxo3a protein expression in SiHa cells. Xiong et al (33) suggested that triptolide exhibits an anticancer effect in human breast cancer by downregulating activated Akt and upregulating p53 expression. Park et al (34) demonstrated that triptolide inhibited the growth of THP-1 cells by inducing apoptosis through the mitogen-activated protein kinase pathway. Therefore, p38, p53 and Foxo3a may be pivotal targets in the anticancer effect of triptolide on cervical cancer.
To conclude, the results from the present study demonstrated that triptolide inhibited viability and increased the apoptosis rate in SiHa cells by targeting the autophagy-inducing PI3K/Akt/mTOR, p38, p53 and Foxo3a pathways. The present study further examined the PI3K/Akt/mTOR pathway and provided novel insight into the mechanism by which triptolide may function as an anticancer agent for cervical cancer therapy.
